Corona onset voltage is one of the most important factors that determine the charging toxic particle in an industrial application. Electrostatic precipitators (ESP) remove the suspended particle with a gas inlet. This paper developed Peek's formula to estimate the maximum electric field near the discharge wire in corona discharge models 
INTRODUCTION
As far as the design of high voltage apparatus is concerned, the knowledge of the corona onset voltage, which is a fundamental aspect always challenges design engineers. Lately, this information has gained more importance in compact transmission line designs where the average E-field magnitude is naturally higher as compared to conventional structures (Olsen et al.,1997) .
The globalization of the environmental pollution problems caused by the increase of industrial production will lead to the cleaning of the waste gases. The basic idea of electrostatic precipitators is charging the toxic particles such as CO 2 , Nox by interring it. Electrostatic field drives the charged particles to collection on plates connected to earth. The dry plate-type (ESP) is used widely in industrial applications to control dust pollution (Nicolae et al., 2008) . It is a new method used to calculate onset voltages in case of negative and positive corona, this method is based on considering electric field and pressure in adjacent surface of conductors. This algorithm is simulated for different pressure and radius of conductors. The configuration of conductors considered is stranded as overhead high transmission lines (Zangeneh and Gholami, 2005) . The impact of various variables on corona power losses and corona onset voltages was determined, and DC and AC tests were performed at Fuat Kulunk high voltage laboratory of Istanbul Technical University (Eroncel et al., 2010) . Investigation of corona onset was done, and different factors such as the electric field (E-field) distribution around the electrodes and their surface conditions were taken into account (Souza and Lopes, 2008) . The corona inception voltage (CIV) of positive discharges in a typical wirecylinder electrode arrangement in air was studied under high voltage DC application, finite element analysis (FEA) implemented. Numerical analysis was carried out on the electric field intensity along the wire-cylinder gap axis, in order to determine the inception voltage of each air gap and define its dependence on geometrical characteristics of the electrodes (Konstantios et al., 2013) . A study on how onset voltage is influenced by the number of discharge wires, the wires radius and the spacing between wires and the collecting plates, the initiation of the corona discharge and electric field calculated using the charge simulation method was done (Ziedan et al., 2010) . Theoretical investigation of onset voltage was described for negative corona on stranded conductors, the method of calculation is based on criterion developed for formation of repetitive negative corona (Trichel pulses), an accurate calculation of the electric field satisfied in the vicinity of stranded conductors, and the investigated gap is a three-dimensional field problem, to solve this problem, a new modification of the charge simulation technique is presented (EL-Bahy et al., 2007) .
A pressure sensing unit is based on a unique corona discharge setup using symmetrical electrode arrangement with simultaneous positive and negative corona generation. The device generates stable corona discharge and enables reliable air pressure measurement in the range of 80 to 105 kPa, tested with five prototypes. Three governing parameters, namely electrode geometry, electrode distance and discharge current, were studied in relation to absolute pressure (Van Thanh et al., 2016a) .
A miniaturized device generate ion wind flow with very low net charge. Both positive and negative ions are simultaneously generated from two sharp electrodes placed in parallel, connected to a single battery-operated power source. The two-electrode arrangement is symmetrical, where the electrode creating charged ions of one polarity also serves as the reference electrode to establish the electric field required for ion creation by the opposite electrode, and vice versa (Van Thanh et al., 2016b) .
This paper aimed to evaluate the corona onset voltage in ESP depending on developing Peek's formula. A mathematical model employed Finite Difference technique to solve Poisson's and current continuity equations simultaneously also the developed formula for calculating the maximum electric field near the discharge wire. The equations programmed in FORTRAN. Corona onset voltage evaluated for different values of pressure Fuliful 53
and temperature at dust condition, also the influenced of discharge wires, the wires radius and the spacing between wires and collecting plates on the onset voltage calculated. The computed onset voltage values agreed reasonably with those measured experimentally
CORONA ONSET MODELS
Monitoring the temperature of the gas stream provides useful information on the performance in the ESP and gives useful ideas for diagnosing (maintenance and process operating conditions). The effect of temperature is most important as it relates to the resistivity of the particulate and is an indicator or excessive in leakage into the gas stream. Temperature can also have effects on gas properties such as the relative levels of current, the density and viscosity of the gas stream, as consequence of the particle migration parameters of charge particle also affected. There are several parameters that affect corona onset voltage in addition to the surface E-field, such as the ambient conditions, temperature, air pressure and relative atmospheric conditions. Prediction models of corona onset voltage were few (Olsen et al., 1997; Zangeneh and Gholami, 2005; Eroncel et al., 2010; Konstantios et al., 2013; Ziedan et al., 2010; EL-Bahy et al., 2007; Van Thanh et al., 2016c) . Figure 1 shows the regions of corona discharge, the electric field intensity is high in glow region and decreases slowly towards the drift region and equal to zero in passive electrode. In this paper, an iterative procedure was used to calculate maximum electric field intensity near the corona discharge wire. The model based on FDM was used in solving Poisson's and current continuity equations simultaneously after computing the initial electric field intensity due to the developed Peek's formula. FORTRAN programs are used for investigating electric field distributions along the gap distance (distance between discharge wire and ground plates for ESP), and corona onset voltage near the discharge wire. The boundary conditions needed for the solution of problem domain are value of applied voltage on the discharge wire (equal to the applied DC voltage), the zero potential on the collecting plate, the corona onset gradient on the discharge wire, as given by Peek's formula and the estimations of potential distribution at all grid points for the problem domain evaluated due to Cooperman's equation.
If the wires are rough, marred, or specked with dust, as it commonly the case in practice, it is necessary to introduce the roughness factor (f) less than 1 and the values ranged from 0.5 to 0.7 (James et al., 1995) .
PEEK'S FORMULA
The empirical expression developed by Peek in 1929, for the critical Figure 1 . Schematic representation of the regions in corona discharge (Goldman et al., 1982) . E-field is the most widespread and widely used for various arrangements, although originally developed for concentric cylinder arrangements (Kuffel et al., 2000) . Equation 1 shows Peek's formula to estimate corona onset as perceived by visual observations. 31. . 1 0.308. . 
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Where
= critical E-field, δ = relative air density, r = conductor radius and f = roughness factor. (f = 1 for polished wires and δ=1 at NTP).
The corona onset voltage may be obtained from the Equation below (James et al., 1995) : (2) Where is the distance between discharge wire and collecting plate.
Zaengl and Nyffenegger equation
Zaengl and Nyffenegger developed an analytical expression, rewriting Peek's formula in the form presented in Equation 3 (Kuffel et al., 2000) :
This expression was developed due to deviations obtained with Peek's formula for δr > 1.
Field efficiency factor
Later on, the influence of the gap geometry was expressed in terms of the 'field efficiency factor" (FEF), also called "utilization factor" (Kalenderli et al., 2001) or its reciprocal, the "non-uniformity factor" (Qiu, 1986) . The field efficiency factor (η) is the ratio between the uniform E-field for the gap length (E mean ) and the maximum E-field (E max ) at rod tip as shown in Equation 4.
For simple structures, the maximum field is taken as the electrode surface, for complex electrode arrangement E max may appear at any point on an electrode. The FEF measures the "degree of nonuniformity" of the arrangement: the closer it is to 1, the more uniform the field is in the arrangement.
Using curve-fitting techniques, an expression was suggested for η as a function of the ratio between the gap length (d) and electrode radius (r) (Qiu, 1986) , this expression is presented in Equation 5. According to this factor η and the maximum E-field, the corona onset voltage (V c ) can be calculated due to Equation 6.
Where d is the gap length and E max the maximum E-field value.
A new prediction model
Peek's formula does not considered the high Pressure and Temperature conditions because roughness factor value is one for polished wires. Therefor a new method based on considering high pressure and temperature near the surface of discharge wires in ESP investigated. This model simulated for different pressure and temperature values which are affected on density of the gas in the 
Where T 0 is the absolute temperature of room air or about 293°K, P 0 is the normal atmosphere pressure or 760 mmHg and T and P are actual temperature and pressure of gas for which is to be calculated.
RESULTS AND DISCUSSION
There are several important cases for which corona can occur, corona onset voltage is considered as a starting point for corona and it is difficult to measure these values experimentally, then theoretical study is necessary. A different empirical formula for calculating the voltage gradient are used and determination of corona onset voltage is useful, it is necessary to evaluate its values at ESP under dust loading. Table 1 show values of corona onset voltage calculated according to Peek's formula at different values of gap distance, it's evident that corona onset voltage affected by discharge wire radius and gap distance, the computation happen under dust free conditions. Table 2 shows the simulated maximum E-field (kV/cm) near the discharge wire for different mathematical models, the comparison shows that the simulated results gives agreement with other models in case of high values for wire radius (r=0. 0392 cm), the reduction of maximum electric values which are calculated in a new model related to the employed conditions (high pressure and temperature), while the other models used atmospheric conditions. Figure 2 shows maximum electric field distribution along the gap distance equal to 3 cm (distance between discharge wire and ground collecting plate), the electric field have highest value near the discharge wire and decreases slowly towards the ground plate, this result investigate the basis of the ionization in corona discharge, the same manner of electric field distribution have been seen in Figures 3 to 4 at the gap distance (5 and 7 cm, respectively). The predicted results show that the effects of gap distance on corona onset voltage is weakly as shown in the Figures 2 to 4 , but the effect of wire radius is strongly shown. Tables 3, 4 and 5 show the effects of high pressure temperature on maximum electric field and corona onset voltage near the corona discharge wire in ESP, it is evident that the increased high pressure-temperature leads to decreases in corona onset voltage and maximum electric field. There are no effects of distance gap on maximum electric field but slightly effect on corona onset voltage but the radius wire still affects them.
Conclusion
In practice, measuring the corona onset voltage is difficult; therefore, mathematical models are important to evaluate its values. There are different models used for computing corona onset voltage of a gas in atmosphere conditions but dust conditions are poor in the study, the model which has been built in this work is useful for Figure 4 . Maximum electric field distribution along the distance between discharges wire and ground plate (7 cm) for different wire radius. 
